(1) Simulations (i) The use of implicit solvent in the simulations The merits and disadvantages of using explicit or implicit solvents in mechanical unfolding simulations have been discussed previously [1]. While explicit solvent simulations can give insight into the role of water molecules in the unfolding process, the use of excessively large forces in these simulations may introduce artefacts related to the relaxation of water molecules [1], which in turn, may lead to an over-estimation of the importance of water [2] . The computational efficiency of implicit solvent models enables a larger number of simulations to be performed at much smaller forces. This allows statistically meaningful estimates of relevant quantities such as the average unfolding time to be made at conditions closer to AFM experiments. Here, the implicit solvent simulations of ArPKD were used to produce well defined hypotheses that were subsequently confirmed experimentally. The experimental verification of the simulations thus provides the best justification of solvent model used in the simulations.
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(ii) Stability of the 2 ns equilibrium simulations As can be seen from Figure S1 , both the wildtype and 3Pro simulations enter a stable phase after the initial heating and relaxation phase (the first 0.5 ns). Importantly, the 3Pro simulations were as stable as that of the wildtype protein throughout the subsequent 2 ns of the simulation. Due to the use of a low friction coefficient (1 ps -1 ) and an implicit solvent model, the extent of conformational sampling in the 2 ns simulations is higher than explicit solvent simulations of similar length. 
(2) Protein engineering as a probe of forced unfolding landscapes
This analysis is based on protein folding Φ-value analysis [3] modified to describe forced unfolding (explained in detail in [4] ). In the simplest case ( Figure 1 ) the protein will unfold from the native state (N) via the transition state (TS) to the forced unfolded state (U). The force required to unfold the protein is related not to the thermodynamic stability (∆G U-N ) but to the height of the energy barrier (∆G TS-N ). A mutation in a protein can lower the thermodynamic stability (∆∆G U-N ). If the mutation is in a region of the protein which is fully folded at the transition state, then the transition state will be destabilized to the same extent as the native state. The barrier to forced unfolding is unaffected (∆G TS-N = 0) and the unfolding force of wild-type and mutant proteins will be the same ( Figure S3a) . If a mutation is made in the protein at a site that is completely unfolded in the transition state then the stability of the TS will be unaffected, so the barrier to unfolding will be lowered by the same amount (∆∆G TS-N = ∆∆G U-N , Figure S3b ). Thus the force required to unfold the protein will be lower, by an amount that can be predicted [4] :
where A is Avagadro's number, x u is the distance between N and the TS and F wt and F mut are the unfolding forces of wild-type and mutant proteins, respectively.
Thus in this simple 2-state case the ∆∆G U-N (in the case of the 3Pro mutant this is 2.5 kcal mol -1 ) predicts the lowest unfolding force of any mutant protein. In the 3Pro mutant of ArPKD the unfolding force is significantly lower than that predicted by the ∆∆G U-N (see main text Figure 5d ). The free energy barrier between the ground state (GS) for forced unfolding and the TS is destabilized by more than would be predicted from ∆∆G U-N . Thus the simple 2-state mechanism does not hold.
The simplest explanation is that the ground state for forced unfolding is destabilized more than the native state by the 3Pro mutation. i.e. the native state is NOT the ground state for forced unfolding. Our simulations show that under force an intermediate is populated, and this intermediate is the ground state from which the protein unfolds ( Figure S4 ). 
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The simulations suggest that the region where the mutations have been made (residues 13-15) unfold at the transition state. Thus we concluded that intermediate is destabilized by approximately 5 kcal mol -1 (from use of equation [1] ) by the 3Pro mutation. This is shown in Figure S5 . * The mean unfolding time and the standard deviation were computed using a maximum likelihood approach assuming single exponential unfolding kinetics [5] . This approach utilises information from all the simulations, including those that have remained folded. 
